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Description

[Technical Field]

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0126647 filed
in the Korean Intellectual Property Office on September
30, 2016, the entire contents of which are incorporated
herein by reference.
[0002] The present specification relates to a method
for driving a solid oxide fuel cell comprising an anode, a
cathode, and an electrolyte provided between the anode
and the cathode.

[Background Art]

[0003] Recently, depletion of existing energy sources
such as oil and coal has been predicted, and interest in
energy that can replace the energy is increasing. A fuel
cell as one of the alternative energy has particularly re-
ceived attention due to high efficiency and merits in that
pollutants such as NOx and SOx are not discharged and
the used fuel is abundant.
[0004] The fuel cell is a power generation system that
converts chemical reaction energy of the fuel and an ox-
idizer into electric energy, and hydrogen and hydrocar-
bons such as methanol and butane as the fuel and oxy-
gen as the oxidizer are representatively used.
[0005] The fuel cell includes a polymer electrolyte
membrane fuel cell (PEMFC), a direct methanol fuel cell
(DMFC), a phosphoric acid fuel cell (PAFC), an alkaline
fuel cell (AFC), a molten carbonate fuel cell (MCFC), a
solid oxide fuel cell (SOFC), and the like.
[0006] Meanwhile, research on a metal air secondary
battery that manufactures a cathode of the metal sec-
ondary battery as a cathode by applying a principle of
the cathode of the fuel cell is required.

[Detailed Description of the Invention]

[Technical Problem]

[0007] The present specification has been made in an
effort to provide a method for driving a solid oxide fuel
cell comprising an anode, a cathode, and an electrolyte
provided between the anode and the cathode.

[Technical Solution]

[0008] An exemplary embodiment of the present spec-
ification provides a method for driving a solid oxide fuel
cell comprising an anode, a cathode, and an electrolyte
provided between the anode and the cathode and con-
taining ceria-based metal oxide, the method comprising:
adjusting the solid oxide fuel cell to a driving temperature;
reducing NiO of the anode to Ni by supplying gas con-
taining oxygen to the cathode and supplying gas contain-
ing hydrogen to the anode; oxidizing the electrolyte by

supplying gas containing oxygen to the cathode and stop-
ping the supply of gas containing hydrogen to the reduced
anode; and driving the solid oxide fuel cell by supplying
gas containing oxygen to the cathode and supplying gas
containing hydrogen to the reduced anode.

[Advantageous Effects]

[0009] According to the exemplary embodiment of the
present specification, the electrolyte comprising ceria-
based metal oxide can improve reduction durability for
hydrogen.
[0010] The method for driving the fuel cell according
to the exemplary embodiment of the present specification
has advantages of increasing an ion conductive contri-
bution rate of the electrolyte and having high efficiency
of the fuel cell.

[Brief Description of Drawings]

[0011]

FIG. 1 is a schematic diagram illustrating a principle
of electricity generation of a solid oxide fuel cell.
FIG. 2 is a diagram schematically illustrating an ex-
ample of a battery module comprising a fuel cell.
FIG. 3 is a graph illustrating a change in open circuit
voltage during cell driving in Process Example 3.
FIG. 4 is a graph illustrating a change in open circuit
voltage according to fuel cut off and air cut off in
Process Example 2.
FIG. 5 is a comparative graph of stack output in Proc-
ess Examples 1 and 4.

<Explanation of Reference Numerals and Symbols>

[0012]

60: Battery module
70: Oxidizer supply unit
80: Fuel supply unit
81: Fuel tank
82: Pump

[Best Mode]

[0013] Hereinafter, the present specification will be de-
scribed in detail.
[0014] The present specification provides a method for
driving a solid oxide fuel cell comprising an anode, a cath-
ode, and an electrolyte provided between the anode and
the cathode and containing ceria-based metal oxide.
[0015] The method for driving the solid oxide fuel cell
comprises:

adjusting the solid oxide fuel cell to a driving temper-
ature;
reducing NiO of the anode to Ni by supplying gas
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containing oxygen to the cathode and supplying gas
containing hydrogen to the anode;
oxidizing the electrolyte by supplying gas containing
oxygen to the cathode and stopping the supply of
gas containing hydrogen to the reduced anode; and
driving the solid oxide fuel cell by supplying gas con-
taining oxygen to the cathode and supplying gas con-
taining hydrogen to the reduced anode.

[0016] The method for driving the solid oxide fuel cell
comprises adjusting the solid oxide fuel cell to a driving
temperature.
[0017] The driving temperature of the solid oxide fuel
cell may be 600°C or more and 650°C or less.
[0018] When adjusting the solid oxide fuel cell to the
driving temperature, air may be supplied to the anode
and the cathode, respectively.
[0019] The method for driving the solid oxide fuel cell
may further comprise:

before adjusting the driving temperature, preparing
the solid oxide fuel cell in which the anode, the elec-
trolyte, and the cathode are sequentially laminated;
positioning and assembling the solid oxide fuel cell
between two or more separators;
coating a sealant on the solid oxide fuel cell;
removing an additive from the sealant by increasing
the temperature while supplying air to the anode and
the cathode, respectively; and
sealing the solid oxide fuel cell with the sealant by
pressurizing the solid oxide fuel cell.

[0020] The sealant comprises glass powder and may
further comprise an additive comprising at least one of a
binder, a plasticizer, a dispersant and a solvent. The bind-
er, the plasticizer, the dispersant and the solvent are not
particularly limited, and typical materials known in the art
may be used.
[0021] The sealant may further comprise metal oxide.
[0022] In the removing of the additive from the sealant,
the additive such as the binder, the plasticizer, the dis-
persant and the solvent may be removed except for the
glass powder and in the case of further comprising metal
oxide, the additive except for the glass powder and the
metal oxide may be removed.
[0023] In the sealing of the solid oxide fuel cell, the
additive is removed, a fluid sealant is pressurized to move
to a position to be sealed and fills an empty space to seal
the solid oxide fuel cell.
[0024] In the removing of the additive from the sealant,
the final heating temperature may be 700°C or more and
800°C or less and particularly 700°C or more and 730°C
or less.
[0025] When in the removing of the additive from the
sealant, the final heating temperature is 700°C or more
and 800°C or less and the driving temperature of the solid
oxide fuel cell is 600°C or more and 650°C or less, the
temperature is increased to remove the additive from the

sealant and then may be cooled to a driving temperature
of the solid oxide fuel cell.
[0026] The method for driving the solid oxide fuel cell
comprises reducing NiO of the anode to Ni by supplying
gas containing oxygen to the cathode and supplying gas
containing hydrogen to the anode.
[0027] The method for driving the solid oxide fuel cell
comprises oxidizing the electrolyte by supplying the gas
containing oxygen to the cathode and stopping the supply
of the gas containing hydrogen to the reduced anode.
[0028] The ceria-based metal oxide of the electrolyte
has high ion conductivity, but has a disadvantage of low
chemical stability. Particularly, in the ceria-based metal
oxide, Ce tetravalent ions are easily reduced to trivalent
ions by hydrogen, and the reduced ceria-based metal
oxide has an increased electron conductive characteris-
tic and a current flows.
[0029] As a result, when the electrolyte comprises the
reduced ceria-based metal oxide, a current may flow be-
tween the cathode and the anode by the electrolyte. As
the current flows between the cathode and the anode,
an open circuit voltage (OCV) drops and the energy con-
version efficiency of the fuel cell may be reduced.
[0030] Before the fuel cell is driven, the electrolyte is
sufficiently oxidized through the electrolyte oxidation to
improve the reduction durability for hydrogen of the elec-
trolyte containing the ceria-based metal oxide.
[0031] In the oxidizing of the electrolyte, the time for
stopping the supply of the gas containing hydrogen to
the reduced anode may be 2 minutes or more, particularly
2 minutes or more and 60 minutes or less, and more
particularly 30 minutes or more and 40 minutes or less.
[0032] In the oxidizing of the electrolyte, oxygen partial
pressure (PO2) in the cell may be 10-34 or more and 1
or less, particularly 10-34 or more and 0.2 or less, and
more particularly 10-5 or more and 0.2 or less.
[0033] Herein, the oxygen partial pressure (PO2)
means the number of oxygen molecules with respect to
the total number of molecules in gas, and there is no
separate unit.
[0034] Through the electrolyte oxidation, it can be con-
firmed that the electrolyte is sufficiently oxidized by a
change in OCV.
[0035] Considering that the transference number of the
ceria-based electrolyte is about 0.7, the open circuit volt-
age (OCV) determining that the electrolyte is sufficiently
oxidized in the electrolyte oxidation is theoretically 875
mV or more. In other words, when the electrolyte is oxi-
dized, it can be directly seen that when the OCV value
of the solid oxide fuel cell is measured at 875 mV or more,
the electrolyte is sufficiently oxidized.
[0036] The method for driving the solid oxide fuel cell
comprises driving the solid oxide fuel cell by supplying
gas containing oxygen to the cathode and supplying gas
containing hydrogen to the reduced anode.
[0037] When the solid oxide fuel cell is driven, the open
circuit voltage (OCV) of the solid oxide fuel cell may be
600 mV or more and 960 mV or less.
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[0038] The method for driving the solid oxide fuel cell
may further comprise re-oxidizing the electrolyte by sup-
plying gas containing oxygen to the cathode and stopping
the supply of the gas containing hydrogen to the anode,
after driving the solid oxide fuel cell.
[0039] When the solid oxide fuel cell is driven and then
the OCV is gradually reduced to be 0 mV or close to 0
mV, the supply of the gas containing hydrogen supplied
during the driving of the solid oxide fuel cell is stopped
and the electrolyte is oxidized again, and then the OCV
of the solid oxide fuel cell may be recovered by the OCV
at the initial stage of driving.
[0040] Through the re-oxidizing of the electrolyte, it can
be confirmed that the electrolyte is sufficiently oxidized
by an OCV change which is recovered by OCV at the
initial stage of driving.
[0041] The present specification provides a solid oxide
fuel cell driven according to the driving method and com-
prising an anode, a cathode, and an electrolyte provided
between the anode and the cathode and containing ceria-
based metal oxide.
[0042] FIG. 1 schematically illustrates an electricity
generation principle of a solid oxide fuel cell. The solid
oxide fuel cell comprises an electrolyte layer and a fuel
electrode (anode) and a cathode (cathode) formed on
both surfaces of the electrolyte layer. Referring to FIG.1
illustrating the principle of electricity generation of the
solid oxide fuel cell, air is electrochemically reduced at
the cathode to generate oxygen ions, and the produced
oxygen ions are transferred to the anode through the
electrolyte layer. In the anode, fuel such as hydrogen,
methanol, butane and the like is injected and the fuel is
combined with the oxygen ions and electrochemically ox-
idized to emit electrons and generate water. This reaction
causes electron transfer to an external circuit.
[0043] The cathode may comprise an inorganic mate-
rial having oxygen ion conductivity so as to be applicable
to the cathode for the solid oxide fuel cell. The kind of
inorganic material is not particularly limited, but the inor-
ganic material may include at least one of yttria stabilized
zirconia (YSZ; (Y2O3)x(ZrO2)1-x, x = 0.05 to 0.15), scan-
dia stabilized zirconia (ScSZ; (Sc2O3)x(ZrO2)1-x, x = 0.05
to 0.15), samarium doped ceria (SDC;
(Sm2O3)x(CeO2)1-x, x = 0.02 to 0.4), gadolinium doped
ceria (GDC; (Gd2O3)x(CeO2)1-x, x = 0.02 to 0.4), lantha-
num strontium manganese oxide (LSM), lanthanum
strontium cobalt ferrite (LSCF), lanthanum strontium
nickel ferrite (LSNF), lanthanum calcium nickel ferrite
(LCNF), lanthanum strontium cobalt oxide (LSC), gado-
linium strontium cobalt oxide (GSC), lanthanum stron-
tium ferrite (LSF), samarium strontium cobalt oxide
(SSC), barium strontium cobalt ferrite (BSCF), and lan-
thanum strontium gallium magnesium oxide (LSGM).
[0044] The cathode may include at least one of lantha-
num strontium manganese oxide (LSM), lanthanum
strontium cobalt ferrite (LSCF), lanthanum strontium
nickel ferrite (LSNF), lanthanum calcium nickel ferrite
(LCNF), lanthanum strontium cobalt oxide (LSC), gado-

linium strontium cobalt oxide (GSC), lanthanum stron-
tium ferrite (LSF), samarium strontium cobalt oxide
(SSC), barium strontium cobalt ferrite (BSCF), and lan-
thanum strontium gallium magnesium oxide (LSGM).
[0045] The cathode may include at least one of lantha-
num strontium cobalt ferrite (LSCF), lanthanum strontium
cobalt oxide (LSC), and barium strontium cobalt ferrite
(BSCF).
[0046] A thickness of the cathode may be 10 mm or
more and 100 mm or less. Particularly, the thickness of
the cathode may be 20 mm or more and 50 mm or less.
[0047] The porosity of the cathode may be 10% or more
and 50% or less. Particularly, the porosity of the cathode
may be 10% or more and 30% or less.
[0048] A diameter of a pore of the cathode may be 0.1
mm or more and 10 mm or less. Particularly, the diameter
of the pore of the cathode may be 0.5 mm or more and
5 mm or less. More particularly, the diameter of the pore
of the cathode may be 0.5 mm or more and 2 mm or less.
[0049] The method for preparing the cathode is not par-
ticularly limited, but for example, a cathode may be pre-
pared by coating cathode slurry and drying and firing the
coated cathode slurry; or forming a green sheet for the
cathode by coating and drying the cathode slurry on a
separate release sheet, and one or more green sheets
for the cathode may be fired alone or with a green sheet
of adjacent heterogeneous layers to prepare the cathode.
[0050] A thickness of the green sheet for the cathode
may be 10 mm or more and 100 mm or less.
[0051] The cathode slurry comprises inorganic parti-
cles having oxygen ion conductivity, and if necessary,
the cathode slurry may further comprise at least one of
a binder resin, a plasticizer, a dispersant, and a solvent.
The binder resin, the plasticizer, the dispersant and the
solvent are not particularly limited, and typical materials
known in the art may be used.
[0052] Based on the total weight of the cathode slurry,
the content of the inorganic particles having oxygen ion
conductivity may be 40 wt% or more and 70 wt% or less,
the content of the solvent may be 10 wt% or more and
30 wt% or less, the content of the dispersant may be 5
wt% or more and 10 wt% or less, the content of the plas-
ticizer may be 0.5 wt% or more and 3 wt% or less, and
the content of the binder may be 10 wt% or more and 30
wt% or less.
[0053] The anode may comprise an inorganic material
having oxygen ion conductivity so as to be applicable to
the anode for the solid oxide fuel cell. The kind of inor-
ganic material is not particularly limited, but the inorganic
material may include at least one of yttria stabilized zir-
conia (YSZ: (Y2O3)x(ZrO2)1-x, x = 0.05 to 0.15), scandia
stabilized zirconia (ScSZ: (Sc2O3)x(ZrO2)1-x, x = 0.05 to
0.15), samarium doped ceria (SDC: (Sm2O3)x(CeO2)1-x,
x = 0.02 to 0.4), and gadolinium doped ceria (GDC:
(Gd2O3)x(CeO2)1-x, x = 0.02 to 0.4).
[0054] The anode may comprise the same inorganic
material as the metal oxide of the electrolyte. Particularly,
when the electrolyte comprises ceria-based metal oxide,
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the anode may comprise the ceria-based metal oxide.
More particularly, when the electrolyte comprises gado-
linium doped ceria, the anode may comprise the gado-
linium doped ceria.
[0055] A thickness of the anode may be 10 mm or more
and 1000 mm or less. Particularly, the thickness of the
anode may be 20 mm or more and 900 mm or less.
[0056] The porosity of the anode may be 10% or more
and 50% or less. Particularly, the porosity of the anode
may be 10% or more and 30% or less.
[0057] A diameter of a pore of the anode may be 0.1
mm or more and 10 mm or less. Particularly, the diameter
of the pore of the anode may be 0.5 mm or more and 5
mm or less. More particularly, the diameter of the pore of
the anode may be 0.5 mm or more and 2 mm or less.
[0058] The method for preparing the anode is not par-
ticularly limited, but for example, a anode may be pre-
pared by coating anode slurry and drying and firing the
coated anode slurry; or forming a green sheet for the
anode by coating and drying the anode slurry on a sep-
arate release sheet, and one or more green sheets for
the anode may be fired alone or with a green sheet of
adjacent heterogeneous layers to prepare the anode.
[0059] A thickness of the green sheet for the anode
may be 10 mm or more and 100 mm or less.
[0060] The anode slurry comprises inorganic particles
having oxygen ion conductivity, and if necessary, the an-
ode slurry may further comprise at least one of a binder
resin, a plasticizer, a dispersant, and a solvent. The bind-
er resin, the plasticizer, the dispersant and the solvent
are not particularly limited, and typical materials known
in the art may be used.
[0061] Based on the total weight of the anode slurry,
the content of the inorganic particles having oxygen ion
conductivity may be 10 wt% or more and 50 wt% or less,
the content of the solvent may be 10 wt% or more and
30 wt% or less, the content of the dispersant may be 5
wt% or more and 10 wt% or less, the content of the plas-
ticizer may be 0.5 wt% or more and 3 wt% or less, and
the content of the binder may be 10 wt% or more and 30
wt% or less.
[0062] The anode slurry may further comprise NiO.
The content of NiO may be 35 wt% or more and 60 wt%
or less based on the weight of the inorganic particles
having oxygen ion conductivity.
[0063] The anode may be provided on a separate po-
rous ceramic support or a porous metal support, or may
comprise an anode support and an anode functional lay-
er. At this time, the anode support is a layer containing
the same inorganic material as the anode functional lay-
er, but supporting another layer due to higher porosity
and a relatively larger thickness than the anode functional
layer. The anode functional layer may be a layer which
is provided between the anode support and the electro-
lyte layer to actually play a main role as the anode.
[0064] When the anode is provided on the porous ce-
ramic support or the porous metal support, the prepared
green sheet for the anode is laminated on the fired porous

ceramic support or porous metal support and then fired
to prepare the anode.
[0065] When the anode comprises the anode support
and the anode functional layer, the anode may be pre-
pared by laminating a green sheet for the prepared anode
functional layer on the fired anode support and then firing
the laminated green sheet.
[0066] When the anode comprises the anode support
and the anode functional layer, the thickness of the anode
support may be 350 mm or more and 1000 mm or less,
and the thickness of the anode functional layer may be
5 mm or more and 50 mm or less.
[0067] The electrolyte may comprise ceria-based met-
al oxide.
[0068] The ceria-based metal oxide is not particularly
limited as long as having oxygen ion conductivity, but
particularly, the ceria-based metal oxide may comprise
at least one of samarium doped ceria and gadolinium
doped ceria, and more particularly gadolinium doped ce-
ria.
[0069] A thickness of the electrolyte may be 10 mm or
more and 100 mm or less. Particularly, the thickness of
the electrolyte may be 20 mm or more and 50 mm or less.
[0070] The method for preparing the electrolyte is not
particularly limited, but for example, a electrolyte may be
prepared by coating electrolyte slurry and drying and fir-
ing the coated electrolyte slurry; or forming a green sheet
for the electrolyte by coating and drying the electrolyte
slurry on a separate release sheet, and one or more
green sheets for the electrolyte may be fired alone or with
a green sheet of adjacent heterogeneous layers to pre-
pare the electrolyte.
[0071] A thickness of the green sheet for the electrolyte
may be 10 mm or more and 100 mm or less.
[0072] The electrolyte slurry comprises ceria-based
metal oxide particles, and if necessary, the anode slurry
may further comprise at least one of a binder resin, a
plasticizer, a dispersant, and a solvent. The binder resin,
the plasticizer, the dispersant and the solvent are not
particularly limited, and typical materials known in the art
may be used.
[0073] Based on the total weight of the electrolyte slur-
ry, the content of the ceria-based metal oxide particles
may be 40 wt% or more and 70 wt% or less.
[0074] Based on the total weight of the electrolyte slur-
ry, the content of the solvent may be 10 wt% or more and
30 wt% or less, the content of the dispersant may be 5
wt% or more and 10 wt% or less, the content of the plas-
ticizer may be 0.5 wt% or more and 3 wt% or less, and
the content of the binder may be 10 wt% or more and 30
wt% or less.
[0075] In the present specification, the green sheet
means a film-like membrane which may be processed in
a next process other than a complete end product. In
other words, the green sheet is coated with a coating
composition containing the inorganic particles and the
solvent and then dried in a sheet form and means a semi-
dried sheet capable of maintaining a sheet form while
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comprising a small amount of solvent.
[0076] The form of the fuel cell is not limited, and for
example, may be a coin type, a plate type, a cylinder
type, a horn type, a button type, a sheet type, or a lami-
nated type.
[0077] The fuel cell may be particularly used as power
of an electric vehicle, a hybrid electric vehicle, a plug-in
hybrid electric vehicle or a power storage device.
[0078] The present specification provides a battery
module comprising the fuel cell as a unit cell.
[0079] FIG. 2 schematically illustrates an embodiment
of a battery module comprising a fuel cell, and the fuel
cell comprises a battery module 60, an oxidizer supply
unit 70, and a fuel supply unit 80.
[0080] The battery module 60 comprises one or more
fuel cells described above as unit cells, and comprises
separators interposed between the unit cells when two
or more unit cells are comprised. The separator serves
to prevent the unit cells from being electrically connected
to each other and transmit the fuel and the oxidizer sup-
plied from the outside to the unit cells.
[0081] The oxidizer supply unit 70 serves to supply the
oxidizer to the battery module 60. As the oxidizer, oxygen
is representatively used, and oxygen or air which is in-
jected into the oxidizer supply unit 70 may be used.
[0082] The fuel supply unit 80 serves to supply the fuel
to the battery module 60 and comprises a fuel tank 81
storing the fuel and a pump 82 supplying the fuel stored
in the fuel tank 81 to the battery module 60. As the fuel,
gas or liquid hydrogen or hydrocarbon fuel may be used.
Examples of the hydrocarbon fuel may comprise meth-
anol, ethanol, propanol, butanol or natural gas.
[0083] Hereinafter, the present specification will be de-
scribed in more detail through Examples. However, the
following Examples are just to exemplify the present
specification and the present specification is not limited
thereto.

[Examples]

[Preparation Example]

[0084] A solid oxide fuel cell used for measurement
was prepared by an anode support layer (ASL), an anode
functional layer (AFL), an electrolyte layer (EL), and a
cathode layer (CL).
[0085] ASL slurry used GDC and NiO as an inorganic
material, and in this case, a ratio of GDC and NiO was
50 : 50 vol%.
[0086] Further, the ASL slurry comprised a dispersant,
a plasticizer, and a binder resin together with a solvent
and was added with 50.2 wt% of the inorganic material,
18.2 wt% of the solvent, 6.2 wt% of the dispersant, 1.2
wt% of the plasticizer and 24.2 wt% of the binder based
on the entire weight of the slurry. The ASL slurry was
tape-cast to obtain an ASL green sheet having a thick-
ness of 100 mm to 200 mm.
[0087] AFL slurry had the same organic material as

the ASL slurry except for the inorganic material, but a
composition ratio of GDC and NiO was 60 : 40 vol%, and
an AFL green sheet having a thickness of 10 mm thinner
than that of the ASL was cast.
[0088] EL slurry had the same organic material as the
ASL slurry except for the inorganic material, but the in-
organic material was made of GDC alone without NiO,
and an EL green sheet having a thickness of 20 mm was
cast using the EL slurry.
[0089] The ASL green sheet, the AFL green sheet and
the EL green sheet were sequentially laminated and then
sintered at 1400°C to prepare a half cell. In this case,
thicknesses of the ASL, the AFL, and the EL after sinter-
ing were 800 mm, 20 mm, and 20 mm, respectively.
[0090] An LSCF cathode composition containing 60
wt% of LSCF6428 (La0.6Sr0.4Co0.2Fe0.8O3-δ) and 40 wt%
of ESL441 as a binder composition based on the total
weight of the entire composition was prepared in a form
of paste using a three roll mill.
[0091] The LSCF cathode composition was coated on
the electrolyte layer of the above-prepared half cell by
screen printing, dried, and then heat-treated at 1000°C
to form a cathode.

[Process Example 1]

[0092] An SOFC stack to which a GDC electrolyte pre-
pared in the Preparation Example was applied was driven
by supplying hydrogen to an anode while supplying air
to a cathode for about 2 hours at 600°C to reduce NiO
to Ni and immediately supplying air and fuel to the cath-
ode and the anode, respectively, without electrolyte ox-
idization.
[0093] At this time, a current I and a voltage V were
measured and a stack output I x V was calculated, and
as a result, the output according to Process Example 1
was 19.28 W (see FIG. 5).
[0094] As the result of measuring an open circuit volt-
age (OCV), it was confirmed that an initial OCV was 840
mV and the OCV was decreased to 0 after 18 hours.

[Process Example 2]

[0095] An SOFC stack to which a GDC electrolyte pre-
pared in the Preparation Example was applied was driven
by reducing an anode at 600°C and then supplying air
and fuel to the cathode and the anode, respectively, with-
out electrolyte oxidization, and thereafter, when the fuel
supply was immediately stopped in an initial OCV state,
it can be seen that the OCV was decreased to 680 mV
through FIG. 4 (left).
[0096] However, through FIG. 4 (right), it can be seen
that in the same condition, when the air in the cathode
is stopped, the electrolyte is rapidly completely reduced
and the OCV becomes 0 mV.
[0097] As a result, it can be seen that when the elec-
trolyte is exposed to a reducing atmosphere, the anode
and the cathode are electrically shorted and the OCV
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becomes 0.

[Process Example 3]

[0098] An SOFC stack to which a GDC electrolyte pre-
pared in the Preparation Example was applied was driven
by supplying hydrogen to an anode while supplying air
to a cathode for about 2 hours at 600°C to reduce NiO
to Ni and then, immediately supplying air and fuel to the
cathode and the anode, respectively.
[0099] An initial OCV was 840 mV and as the result of
measuring an open circuit voltage (OCV), it was con-
firmed that the OCV was decreased to 0 after 18 hours.
[0100] According to FIG. 3, as the result of measuring
the OCV while driving, it was confirmed that the GDC
electrolyte was reduced and the OCV was gradually de-
creased and finally, the OCV becomes 0. In this case,
while the air supply to the cathode was maintained, the
fuel supply to the anode was cut off for about 2 hours.
As a result, it was confirmed that the initial OCV value
was recovered to 840 mV.

[Process Example 4]

[0101] An SOFC stack to which a GDC electrolyte pre-
pared in the Preparation Example was applied was driven
by supplying hydrogen to an anode while supplying air
to a cathode for about 2 hours at 600°C to reduce NiO
to Ni. Thereafter, the SOFC stack was driven by stopping
the supply of hydrogen for 45 minutes to oxidize the elec-
trolyte by oxygen of the air supplied to the cathode and
immediately supplying air and fuel to the cathode and
the anode, respectively. The result of measuring the open
circuit voltage (OCV) was illustrated in FIG. 3.
[0102] At this time, a current I and a voltage V were
measured and a stack output I x V was calculated, and
as a result, the output according to Process Example 4
was 57.7 W (see FIG. 5). As a result, it can be seen that
the reduction stability of the electrolyte is increased and
the stack output is increased through the electrolyte ox-
idation before the cell driving.
[0103] An initial OCV was 840 mV and as the result of
measuring an open circuit voltage (OCV), it was con-
firmed that the OCV was decreased to 0 after 18 hours.

Claims

1. A method for driving a solid oxide fuel cell comprising
an anode, a cathode, and an electrolyte provided
between the anode and the cathode and containing
ceria-based metal oxide, the method comprising:

adjusting the solid oxide fuel cell to a driving tem-
perature;
reducing NiO of the anode to Ni by supplying
gas containing oxygen to the cathode and sup-
plying gas containing hydrogen to the anode;

oxidizing the electrolyte by supplying the gas
containing oxygen to the cathode and stopping
the supply of the gas containing hydrogen to the
reduced anode; and
driving the solid oxide fuel cell by supplying gas
containing oxygen to the cathode and supplying
gas containing hydrogen to the reduced anode.

2. The method of claim 1, wherein the ceria-based met-
al oxide comprises at least one of samarium doped
ceria and gadolinium doped ceria.

3. The method of claim 1, wherein in the oxidizing of
the electrolyte, the time of stopping the supply of the
gas containing hydrogen to the reduced anode is 2
minutes or more and 60 minutes or less.

4. The method of claim 1, wherein the driving temper-
ature of the solid oxide fuel cell is 600°C or more and
650°C or less.
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